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(g) Crankshaft lubrication system. 

(57) A crankshaft lubrication system is described 
for generating increased oil pumping capacity 
and o3 pressure in a sealed compressor (10) for 
cooling fluids. The lower portion of an integral 
crankshaft (30) is cut at a slanted angle to 
increase the inlet area for picking up more oil 
from a sump or oO reservoir (28). By varying the 
angle of cut at the lower portion of an integral 
crankshaft, one achieves oil pumping rates over 
a wide range of values while using a standard 
size crankshaft. This approach not only sim- 
plifies the manufacture of lubrication system for 
sealed compressors, but also lowers the overall 
production costs of such compressors. While 
the efficiency of sealed compressors is main- 
tained under the present invention, the noise 
emissions from such compressors are lowered 
significantly. 
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This invention relates to improvements in the lu- 
brication system of rotating machines, and in particu- 
lar, of sealed reciprocating and rotary compressors 
for refrigeration and air conditioning. 

The lubrication of sealed compressors for cooling 5 
fluids is well known in the art Typically, an electric 
motor drive is built into a sealed housing or shell, and 
has a stater or electric armature affixed therein and 
a rotor assembly assembled into the cylindrical pas- 
sage of the stator. This rotor assembly includes a rotor 10 
and a crankshaft which is inserted into the cylindrical 
passage of the rotor by interference fit. This crank- 
shaft is rotatlonally supported and journalled in a 
bearing housing in either one or both sides of the ro- 
tor. As these compressors are mounted vertically, i.e., 1 5 
with the rotor axis vertical, oil or lubricant reposes in 
a sump at the base of the crankshaft. Lubrication is 
effected when the rotary motion of the crankshaft 
drives the oil by centrifugation upward from the sump 
through the hollow centre of the crankshaft. Conven- 20 
tional crankshafts have in some cases one or more 
axial bores disposed off axis and in other cases hel- 
ical shape oil groove on the external surface of the 
crankshaft to carry oil to the upper portion of the 
crankshaft, where oil passes through one or more lu- 25 
bricating channels to lubricate and to cool the bear- 
ings or other moving parts. 

As temperature rises within the sealed compres- 
sors after some length of operation, the oil pumping 
capacity of conventional lubrication system decreas- 30 
es as the viscosity of the lubricating oil diminishes. 
U.S. Pat. No. 4,865,527 taught the improvement of 
using a oil pick up tube which featured a spring posi- 
tioned within the oil pick up tube. The springs took 
several forms including ring and plate; the function re- 35 
main the same: to scoops up the oil in the sump in or- 
der to compensate for the loss in viscosity of the oil. 
The requirement for the oil pick up tube and springs 
which must be positioned within the shaft necessi- 
tates additional material and process costs. As such, 40 
this approach raises the the production cost of the ro- 
tor assembly. 

U.S. Pat No. 5,007,808 disclosed a slotted rotor 
lubrication system which employed a smaller than 
usual rotor shaft It is claimed that the slotted rotor lu- 45 
brication system would lower the production costs by 
reducing the use of shaft material and reducing ma- 
chining requirements. It is unclear whether the corre- 
sponding modifications required on the rotor will re- 
duce the overall production and manufacturing costs so 
of the rotor assembly of a sealed compressor. 

A crankshaft lubrication system is described for 
generating increased oil pumping capacity and oil 
pressure in a sealed compressor for cooling fluids. 
The lower portion of an integral crankshaft is cut at a ss 
slanted angle to increase the inlet area for picking up 
more oil from a sump or oil reservoir. By varying the 
angle of cut at the lower portion of an integral crank- 



shaft, one achieves oil pumping rates over a wide 
range of values while using a standard size crank- 
shaft. This approach not only simplifies the manufac- 
ture of lubrication system for sealed compressors, but 
also lowers the overall production costs of such com- 
pressors. While the efficiency of sealed compressors 
is maintained under the present invention, the noise 
emissions from such compressors are lowered signif- 
icantly. 

A preferred embodiment of the present invention 
provides a vertical-axis crankshaft for a sealed com- 
pressor with increased pumping capacity and in- 
creased oil pressure. 

A further embodiment of the present invention 
simplifies the crankshaft lubrication system of sealed 
compressors. 

Yet a further advantage is thatthe overall produc- 
tion cost of sealed compressors is lowered by elimin- 
ating the use of oil pick up tube and spring or oil plate. 

Preferred embodiments of the present invention 
also reduce the noise emissions from sealed com- 
pressors. 

For a better understanding of the present inven- 
tion and to show how the same may be carried into 
effect reference will now be made by way of example 
to the accompanying drawings in which:- 

FIG. 1 illustrates a longitudinal sectional view of 
a sealed compressor of cooling fluids, in which 
the improvements is applied according to the 
present invention. 

FIG. 2 illustrates a longitudinal front view of a prior 
art crankshaft with a oil pick up tube. 
FIG. 3 illustrates a longitudinal front view of an- 
other prior art crankshaft with an oil pick up tube 
and a plate oil supplier. 

FIG. 4 illustrates a longitudinal front view of the 
preferred embodiment of the present invention. 
FIG. 5 illustrates a longitudinal side view of the 
preferred embodiment of the present invention. 
FIG. 6 illustrates the oil pick up characteristics of 
a sealed compressor using a prior art crankshaft 
versus one using the preferred embodiment of 
the present invention. 

FIG. 7 illustrates the noise emissions from a 
sealed compressor using the prior art crankshaft 
versus one using the preferred embodiment of 
the present invention. 

A crankshaft lubrication system for generating in- 
creased oil pumping capacity in a sealed compressor 
is described. In the following description, numerous 
specific details are set forth such as specific parts of 
a crankshaft in order to provide a thorough under- 
standing of the present invention. In other instances, 
well known elements such as the rotor and the stator 
of the electric motor drive are not described in detail 
in order not to unnecessarily obscure the present in- 
vention. It should be understood by one skilled in the 
art that a sealed compressor referred to both the re- 
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ciprocating and rotary types. 

Referring to FIG. 1 , a sealed compressor 10 in- 
cludes a sealed casing 12 with an electric motor-driv- 
en assembly 14 housed in the interior thereof. The as- 
sembly 14 includes a bearing housing 16, a rotor as- 5 
sembly having upper rotor ring 18, rotor 20 and lower 
rotor ring 22. The rotor assembly fits into a cylindrical 
passage in the stator 24 and coil 26. A sump or oil re- 
servoir 28 is located at the lower end of the electric 
motor-driven assembly 14. The rotor assembly fur- 10 
ther includes a crankshaft 30 that is rotationally sup- 
ported and journalled in the bearing housing 16. The 
lower portion of said crankshaft 30 reposes in the 
sump 28. Lubrication is effected when the rotary mo- 
tion of the crankshaft 30 drives the oil by centrifuga- 15 
tion upward from the sump 28 through the hollow cen- 
tre (not shown) of the crankshaft 

With reference to FIG. 2 is a drawing of a prior art 
crankshaft 32. The crankshaft 32 featured a crank 34 
in the upper portion, a shaft 36 in the centre, an axial 20 
bore 38, and an oil pick up tube 40 in the lower por- 
tion. The oil pick up tube 40 is coupled at one end to 
the axial bore 38. The other end of the oil pickup tube 
40 is dipped into a sump of a sealed compressor, both 
of which are not shown. Ofl within the sump is drawn 25 
upwards by centrifugation via the oil pick up tube 40 
and the axial bore 38 to oil groove 41 where the bear- 
ing housing is lubricated and cooled. The disadvan- 
tage of the prior art crankshaft illustrated in FIG. 2 is 
its limited oil pumping capacity because the area for 30 
picking up oil is limited. Furthermore, as the temper- 
ature rises after some length of operation, the viscos- 
ity of oil decreases. As result, the oil pumping capaci- 
ty of the lubrication system is reduced. 

FIG. 3 illustrates another prior art crankshaft 44 35 
for improving the oil pumping capacity of sealed com- 
pressors. The crankshaft 44 has a crank 46, a shaft 
48 having an interior lubricating duct 50, an oil pick up 
tube 52 featuring a plate-oil supplier 54 positioned 
therein. Here, the plate-oil supplier 54 refers gener- 40 
icaliy to a broad class of devices which are inserted 
into the oil pick up tube for increasing the oil pumping 
capacity of the crankshaft lubricating system. An ex- 
ample of the plate-oil supplier 54 is the spring taught 
in U.S. Pat No. 4,865,527. Another example is the sol- 45 
id plate as shown in FIG 3. The crankshaft 44 oper- 
ates on the same principle as crankshaft 32 except 
that the plate-oil supplier 54 provided a greater sur- 
face area for picking up oil from the sump. While the 
problem of oil pumping capacity was partially ad- 50 
dressed by lubricating systems featuring crankshaft 
44, the production costs of manufacturing such a 
crankshaft is high. 

Referring to FIGS.4 and 5, the preferred embodi- 
ment of the present invention is illustrated in alternate 55 
views. The improved lubrication system of the present 
invention features an improved crankshaft 30 having 
an integral body including a crank 56, a shaft 58 and 



a lower portion 60. The lower portion 60 of the crank- 
shaft 30 has a substantially conical section sub- 
merged in the sump (not shown) and terminating with 
an elliptical opening 62. Referring to FIG.5. the plane 
of the elliptical opening 62 has an angle of cut 0 with 
an imaginary horizontal-axis 63. The imaginary-axis 

63 is perpendicular to an imaginary vertical-axis 61 of 
the crankshaft 30. 

Referring again to FIGS. 4 and 5, the crankshaft 
30 is provided with a slanted interior lubrication duct 

64 which communicates between the elliptical open- 
ing 62 and the port 66. The interior lubrication duct 64 
has an angle p with the imaginary vertical-axis 61 of 
the crankshaft 30. A bearing groove68 on the exterior 
surface of the crankshaft 30 provides the distribution 
channel between the ports 66 and 70. An eccentric lu- 
brication duct 72 communicates among outflow orific- 
es 70, 74 and 75. It should be understood by one skil- 
led in the art that the longitudinal axis of the lubrica- 
tion duct 72 may be at an angle with the imaginary 
vertical-axis 61 of the crankshaft 30. A bleeding ori- 
fice 76 is provided for venting air bubbles in the oil 
while It is being picked up from the sump. 

When the electric motor of the sealed compres- 
sor drives the rotor, the crankshaft 30 rotates and the 
elliptical opening 62 acts as a scoop to pick up oil from 
the sump continuously by centrifugal action. There 
the oil is drawn upwards through the slanted lubrica- 
tion duct 64 and exits port 66. The oil then moves fur- 
ther upwards through the annulus formed by the 
bearing groove 68 and the interior wall of the bearing 
housing 18 as shown in FIG. I.The oil then enters the 
eccentric lubrication duct 72 through the port 70. 
Through Outflow orifices 74 and 75 the oil is dis- 
persed into the casing and moving parts of the sealed 
compressor. 

FIG. 6 is a table summarising the oil pick rate of 
a lubrication system using a prior art crankshaft ac- 
cording to FIG. 3 versus one using the preferred em- 
bodiment of the present invention. It worthwhile not- 
ing that with an angle of cut 0 of more than 15 de- 
crees, the oil pick up rate measured in grams per min- 
ute is equivalent to that of a lubrication system using 
prior art crankshafts. The data for the oil pick up rate 
in FIG. 6 also confirm that the preferred embodiment 
of the present invention could deliver as much as 1.5 
times the normal oil pick up rate without changing the 
diameter of the crankshaft. All one needs to do is to 
increase the angle of cut 0 accordingly. Alternatively, 
a combination of angles of cut 0 and angle (3 for the 
interior lubrication duct 64 could increase the oil pick 
up rate to suit a large variety of applications. It follows 
that the present invention not only increases the oil 
pumping capacity of lubrication systems, but also 
simplify the manufacture of such systems. 

FIG. 7 is a chart comparing the noise emissions 
of sealed compressor using a prior art crankshaft in 
accordance to FIG. 3 versus one using the preferred 
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embodiment of the present invention. In each case, 
the noise sensor is placed 10 cm from the exterior of 
the sealed casing of an identical compressor. Over 
the entire range of frequencies, lubrication system us- 
ing the preferred embodiment of the present inven- 
tion emitted less noise that one using prior art crank- 
shafts. Referring again to FIG. 7, the noise reduction 
is at an maximum - almost 10 decibel (dB) - at 500 
hertz (Hz). Moreover, a compressor using the prefer- 
red embodiment of the present invention achieved 
noise reduction over one using a prior art crankshaft 
at almost every frequency which was tested, e.g., 200 
Hz to 20,000 Hz. 

While the present invention has been particularly 
described with reference from FIGS. 1 to 7 with em- 
phasis on the crankshaft lubrication system for a 
sealed compressor of cooling fluids, it should be un- 
derstood that the figures are for illustration only and 
should not be taken as a limitation on the invention. 
In addition, it is clear that the apparatus of the present 
invention has utility in many applications where lubri- 
cation and cooling of compressors bearings and mov- 
ing parts are required. It is contemplated that many 
changes and modifications may be made by one of or- 
dinary skill in the art without departing from the spirit 
and the scope of the invention as described. 



2. In a sealed compressor including a sealed casing 
in which at least one alternating motor-driven 
compressor assembly and at least one oil reser- 
voir are disposed therein, the assembly including 

5 at least one vertical-axis crankshaft provided 

with at least one interior lubrication duct commu- 
nicating with points on an exterior surface of said 
crankshaft and with an upper end of the same ec- 
centrically to the axis of rotation thereof, 

10 said assembly including a lower member 

coupled to a lower end of said interior duct of the 
crankshaft and comprising a substantially conical 
nose section adapted to be submerged in said oil 
reservoir, 

15 the upper end of said interior lubrication 

duct ending in a first substantially conical section 
and a second substantially conical section of va- 
riable contour depending on a profile of the upper 
end of the crankshaft, 

20 the improvement comprising 

said lower member being integrated with 
said crankshaft, said conical nose section of said 
lower member terminating in an elliptical open- 
ing, the plane parallel with said elliptical opening 

25 having an angle of cut 0 with an imaginary plane, 

said imaginary plane being perpendicular to the 
vertical-axis of rotation of said crankshaft 



Claims 



In a sealed compressor including a sealed casing 
in which at least one alternating motor-driven 
compressor assembly and at least one oil reser- 
voir are disposed therein, the assembly including 
at least one vertical-axis crankshaft being provid- 
ed with at least one longitudinal lubrication duct 
communicating with points on an exterior surface 
of said crankshaft and with an upper end of the 
same eccentrically to the axis of rotation thereof, 
said assembly including a lower member 
coupled to a lower end of said interior duct of the 
crankshaft and comprising a substantially conical 
nose section adapted to be submerged in said oil 
reservoir, 

the upper end of said interior lubrication 
duct ending in a first substantially conical section 
and a second substantially conical section of va- 
riable contour depending on a profile of the upper 
end of the crankshaft, 

the improvement comprising 

said lower member being integrated with 
said crankshaft, said conical nose section of said 
lower member terminating in an elliptical open- 
ing, the plane parallel with said elliptical opening 
having an angle of cut 0 with an imaginary plane, 
said imaginary plane being perpendicular to the 
vertical-axis of rotation of said crankshaft 



3. A crankshaft according to claim 2 wherein the 
30 longitudinal-axis of said interior lubrication duct 

having an angle p with respect to the vertical-axis 
of said crankshaft. 

4. In a sealed compressor including a sealed casing 
35 in which at least one alternating motor-driven 

compressor assembly and at least one oil reser- 
voir are disposed therein, the assembly including 
at least one vertical-axis crankshaft being provid- 
ed with at least one lubrication duct communicat- 

40 ing with points on an exterior surface of said 

crankshaft and with an upper end of the same ec- 
centrically to the axis of rotation thereof, 

said assembly including a lower member 
coupled to a lower end of said interior duct of the 

45 crankshaft and comprising a substantially con ical 

nose section adapted to be submerged in said oil 
reservoir, 

the upper end of said interior lubrication 
duct ending in a first substantially conical section 
so and a second substantially conical section of va- 

riable contour depending on a profile of the upper 
end of the crankshaft, 

the improvement comprising 
said lower member being integrated with 
55 said crankshaft, said conical nose section of said 

lower member terminating in an elliptical open- 
ing, the plane parallel with said elliptical opening 
having an angle of cut 0 with an imaginary plane, 
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said imaginary plane being perpendicular to the 
vertical-axis of rotation of said crankshaft 

A crankshaft lubrication system substantially as 
hereinbefore described with reference to or as 5 
shown in the accompanying drawings. 
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